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(57) ABSTRACT

According to embodiments of the present invention, a multi-
lines cable simulator is provided which is able to simulate
also crosstalk between lines. The multi-lines cable simulator
is comprised in a modular unit configured to simulate
increased number of lines by means adding further modular
units. According to further embodiments, the modular unit is
configured to also simulate increased line length by means
of adding further modular units.
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1
MODULAR UNIT FOR STIMULATING
PERFORMANCE IN MULTI-LINES DIGITAL
SUBSCRIBER LINE (XDSL) SYSTEM

TECHNICAL FIELD

The present invention relates to a modular unit for simu-
lating performance in multi-lines Digital Subscriber Line
(xDSL) system, such as a VDSL2 (Very high bit rate DSL)
Vectoring system.

BACKGROUND

In order to achieve a higher performance in multi-lines
xDSL, the need for high density multiple input multiple
output (MIMO) systems will be increased in the future using
multi-lines bonded solutions. Examples of multi-lines
bonded solutions are G.998.x bonded xDSL and G.993.5
vectoring DSM3  (Dynamic Spectrum Management of
Level 3) systems. For instance, vectoring DSM3 systems is
going to be available on the market at constantly increased
number of pairs starting with 2 pairs, but 4, 6, 8 up to tens
(48 or 96 pairs) and even hundreds (192, 384) are foreseen.
In this context a pair is two twisted copper wires which also
can be referred to as a line, link, cable and channel.

A representative testing environment for multi-lines
xDSL performance of advanced processing capable equip-
ments, which may imply tens or hundred of lines in a MIMO
system, can today only be achieved by means of a real
multi-lines cable.

A 500 meter cable with 24-pairs is a drum of 1 mx1 m
having a weight of 100 kg. Such a cable is not easy to
handle. It is therefore desired to be able to verify multi-lines
bonded solutions in lab and production environments by
means of an easy to handle, flexible and modular system
simulating the multi-lines cable.

SUMMARY

As stated above, it is desired to be able to verify multi-
lines system solutions in lab and production environments
even in case of large number of lines and/or long loops
length. Moreover, it would be desired to adjust the number
of pairs and the length of the cable lines which is not easy
if not simply impossible in the existing lab environment
based on real multi-lines cables

According to embodiments of the present invention, a
multi-lines cable simulator is provided which is able to
simulate also crosstalk between lines. The multi-lines cable
simulator is comprised in a modular unit configured to
simulate increased number of lines by means adding further
modular units. According to further embodiments, the
modular unit is configured to also simulate increased line
length by means of adding further modular units.

Accordingly, a modular unit for simulating performance
of a multi-lines cable between a Central Office (CO) and
several Customer Premises Equipments (CPEs) is provided
according to embodiments of the present invention. The
modular unit comprises a first set of n connectors and a
second set of n connectors configured to connect in a first
dimension the modular unit between the CO and the CPE.
The modular unit further comprises at least a first crosstalk
simulator configured to simulate crosstalk between a first
bundle of n number of lines and a first length simulator
configured to simulate a first predefined line length, a third
set of n connectors configured to connect the modular unit
with a second modular unit in a second dimension, wherein
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the second modular unit comprises a second bundle of n
number of lines denoted linel-lined, a second crosstalk
simulator configured to simulate crosstalk between the sec-
ond bundle of n number of lines and a second length
simulator configured to simulate a second predefined line
length. The modular unit further comprises a fourth set of n
connectors configured to connect the modular unit with a
third modular unit in a second dimension, wherein the third
modular unit comprises a third bundle of n number of lines
and a third crosstalk simulator configured to simulate cross-
talk between the third bundle of n number of lines and a third
length simulator configured to simulate a third predefined
line length. Thus the first crosstalk simulator is further
configured to simulate crosstalk within the first n bundle of
lines by taking into account crosstalk from at least one of the
second and third bundles of lines when connected.

An advantage of embodiments of the present invention is
that a solution is provided which is scalable and easy to
manage. The solution satisfies any testing exigency such as
integration, production, etc.

Moreover the compact design of the solution allows
proper electromagnetic shielding by means of a suitable
mechanic. When testing performance, the test environment
should be free from undesired impairments that may jeop-
ardize the testing. However, in test environment there are
often electromagnetic interferences emitted by e.g. adjacent
equipments, radio transmissions, mobile phones, etc. Such
electromagnetic fields can be captured by the test environ-
ment as function of the exposition, such as for instance a
very long unshielded cable or more in general any
unshielded element of the test environment will capture a
large portion of such undesired electromagnetic field, which
will translate into undesired and unpredictable additional
noise, that could jeopardize the test result. Since the embodi-
ments of the present invention provide a very compact
design, the given modular units can be easily screened by
means of metallic enclosure, which will get the test envi-
ronment insensible to such undesired effects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an N-pair crosstalk simulator according
to embodiments of the present invention.

FIG. 2 illustrates the number of connections (i.e. crosstalk
modes) needed to simulate crosstalk for n lines.

FIG. 3 illustrates crosstalk modes types from line 1 to the
other lines, where just one type per line is shown.

FIG. 4 illustrates a modular unit according to embodi-
ments of the present invention, wherein the module is
connected between a Central Office (CO) and a plurality of
Customer Premises Equipments (CPEs).

FIG. 5 illustrates three modular units for extending the
number of simulated lines according to embodiments of the
present invention.

FIG. 6 illustrates five modular units and their connectors
according to embodiments of the present invention.

FIG. 7 illustrates four modular units and shows how some
crosstalk modes are distributed within and between the
modular units.

FIG. 8 exemplifies how the crosstalk between the modular
units can be simplified by only taking into consideration
some of the worst crosstalk distribution modes.

FIG. 9 illustrates two modular units for extending the
length of the simulated lines according to embodiments of
the present invention.
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FIG. 10 exemplifies a possible attenuation network which
can be used in connection with embodiments of the present
invention.

FIG. 11 shows an example when both the number of
simulated lines and the length of the simulated lines are
extended by adding more modules according to embodi-
ments of the present invention.

DETAILED DESCRIPTION

The embodiments of the present invention will be
described more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of'the invention are shown. The embodiments may, however,
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the invention to those skilled in the art. In the
drawings, like reference signs refer to like elements.

Moreover, those skilled in the art will appreciate that the
means and functions explained herein below may be imple-
mented using software functioning in conjunction with a
programmed microprocessor or general purpose computer,
and/or using an application specific integrated circuit
(ASIC). It will also be appreciated that while the current
embodiments are primarily described in the form of methods
and devices, the embodiments may also be embodied in a
computer program product as well as a system comprising a
computer processor and a memory coupled to the processor,
wherein the memory is encoded with one or more programs
that may perform the functions disclosed herein.

In single pair xDSL scenarios, a well controlled single
noise source and loop length simulator was enough to fully
and carefully characterize the DUT (Device Under Test).
However in multi-lines MIMO signal processing systems
such as G.998.x bonded xDSL solutions and/or G.993.5
Vectoring_DSM3, mutual coupling crosstalk of each single
noise source on each pair have to be considered as men-
tioned above. Thus for multi-lines solutions it is no more
acceptable to consider each pair as individually processed
independently of the others. In vectored_DSM3 MIMO
physical layer systems, simultaneous injection of a single
noise source into multiple pairs is not representative of real
deployments and not suitable for crosstalk canceling signal
processing evaluation, resulting in wrongly performance
estimation.

The received Discrete Multi Tone (DMT) signals for the
multi-lines XxDSL can be modeled by the following equation
which holds at each DMT tone index.

bJ1 hyahia o by [ T LR - Ry || TR
Y2 haihan o oy || Ty MMy .. Mo || T2
= + +
Yn ENTAR IR AP | WA P ST ST IR P | I Ve
fithiz - fim [T 10...07[v,
fifrz o fom || T2 01...0 |
.
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In the equation above, the matrices H, N and F represents
the coupling matrices from transmitters in the group, gen-
erating NEXT (near end crosstalk) and FEXT (far end
crosstalk), respectively. V represents the externally injected
noise, e.g. white noise, or any other sort of alien noise. In
each receiver, white noise (e.g. at —140 dBm/Hz) may also
be experienced, as well as any other sort of alien noise
wherein alien noise is noise generated by sources not parts
of the given MIMO system.

An N-pair crosstalk simulator is shown in FIG. 1, where
coupling elements are R+C networks (Resistor Capacitance
network). However, other coupling elements/networks, pas-
sive or active, fixed or programmable, can be adopted for
this purpose. A dedicated connector 700 for each line for
alien noise injection may be used as in FIG. 1.

Consider the case when n=10. Crosstalk occurs between
all lines and in order to simulate the crosstalk a number of
coupling elements are used. As illustrated in FIG. 2, 45
coupling elements are needed.

Assuming n=96, 4560 coupling elements are needed to
simulate the crosstalk. The coupling elements may be
dimensioned taking into account the binder structure, where
certain lines are closer to each other, but a little farer to other
lines, although part of the same binder.

Suitable crosstalk coupling elements are exemplified by
R+C elements, where R may be 22 ohm, and C may vary
from a maximum of 47 pF for closer lines to 10 pF for farer
lines. However, other different types of coupling elements
can be adopted, e.g. coupling transformers, active elements
with constant or variable/programmable coupling function.
As a good approximation of a real cable structure, the
“squared” geometry distribution is adopted as shown in FIG.
3, for simplicity.

In the case above when n=16, a total of eight different
coupling networks can be identified. The strongest crosstalk
can be found between neighboring lines (22 ohm, 47 pF)
while the weakest crosstalk can be found between the lines
furthest away from each other. See FIG. 3 and the table
below.

R 22 22 22 22 22 22 22 22 22
[ohm]

C 47 39 33 30 27 22 18 15 10
[PF]

To simulate 16 lines as in the example above, 120
coupling elements are required.

As stated above, it is desired to be able to verify multi-
lines bonded solutions in lab and production environments.
Moreover, it would be desired to adjust the number of pairs
and the length of the cables which is not possible in the
existing lab environment. It should be noted that the terms
cable, line, channel are used interchangeably in this speci-
fication. Further, in this specification each line is constituted
by two twisted copper wires, also referred to as pairs, but
any other kind of multi-line copper system (cable) can be
simulated by means of the embodiments of the present
invention, such as untwisted pairs, or single wires.

To be able to adjust the number of pairs, a modular unit
comprising a multi-lines cable simulator is provided accord-
ing to embodiments of the present invention. The multi-lines
cable simulator is able to simulate crosstalk between cable
pairs. The modular unit can for example be configured to
simulate 16 lines and 100 meter artificial cable segment. By
adding further multiple modular units it is possible to
simulate an increased number of pairs.
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Turning now to FIG. 4 showing an embodiment of the
present invention, where a Central Office (CO) 212 is
connected to a modular unit 200. The modular unit 200
comprises a crosstalk simulator 206 and is further connected
to a plurality of CPEs (Customer Premises Equipment) 214.
A plurality of lines denoted linel . . . line 4 from the CO 212
are connected to the modular unit via a first set of connectors
202. These lines are further connected to a respective CPE
214 via a second set of connectors 204. Each modular unit
200 is configured to simulate a predefined number of lines
and each modular unit 200 comprises a respective length
simulator 230 simulating a respective predefined line length.
By connecting e.g. an additional modular unit to a first
modular unit, it is possible to increase the number of lines
for which performance are simulated wherein crosstalk
between all lines can be taken into account.

FIG. 5 illustrates schematically three modular units 200a,
20056, 200c. Each modular unit is configured to simulate 4
lines with a predetermined line length. Thus by connecting
three modular units from a CO 212 to respective CPEs, 12
lines can be simulated. FIG. 5 is explained by starting from
one of the modular units referred to as a first modular unit
denoted 2005.

The first modular unit 2005 comprises a first set of n
connectors 2026 and a second set of n connectors 2045
configured to connect in a first dimension the modular unit
2005 between the CO 212 and the CPEs 214. In this example
n=4. It should however be noted that the embodiments of the
present invention is not limited to n=4. Moreover, “n” can
vary between the different modular units. However it would
be beneficial if the modular units are square such as 2x2
lines, 3x3 lines, 4x4 lines etc.

The first modular unit 2005 comprises at least a first
crosstalk simulator 2065 configured to simulate crosstalk
between a first bundle of n number of lines e.g. line5, . . .
line8, a third set of n connectors 208 configured to connect
the modular unit 2005 with a second modular unit 200a in
a second dimension. Further, the second modular unit 200a
comprises a second bundle of n number of lines denoted
linel, . . . line4 and a second crosstalk simulator 206a. When
the first and the second modular units are connected, the first
crosstalk simulator 2065 is further configured to simulate
crosstalk between the first, n bundle of lines by taking into
account crosstalk from the second bundles of lines.

According to a further embodiment, the modular unit
20056 comprises also a fourth set of n connectors 210
configured to connect the modular unit 2005 with a third
modular unit 200¢ in a second dimension. The third modular
unit 200¢ comprises a third bundle of n number of lines
denoted e.g. line 9, . . . line 12 and a third crosstalk simulator
206c¢ wherein the first crosstalk simulator 2065 is further
configured to simulate crosstalk between the first, n bundle
of lines by taking into account crosstalk from at least one of
the second and third bundles of lines when the second and
third modular units are connected.

As mentioned above, each modular unit has a dedicated
crosstalk simulator which is configured to send crosstalk
contributions through the connectors towards the crosstalk
simulators of the connected modular units and each modular
unit is configured to receive crosstalk contributions coming
at the connectors from the crosstalk simulators of the
connected modular units. In this way, each crosstalk simu-
lator can determine the crosstalk between the lines of one
modular unit taking the crosstalk from adjacent modular
units into account.

In FIG. 6, a fifth set 220 and a sixth set 260 of n
connectors are illustrated. The fifth set of n connectors are

10

15

20

25

30

35

40

45

50

55

60

65

6

configured to connect the modular unit 2005 with a fourth
modular unit 240 in a third dimension comprising a fourth
bundle of n number of lines and the sixth set of n connectors
configured to connect the modular unit 20056 with a fifth
modular unit 250 in the third dimension comprising a fifth
bundle of n number of lines. In this example, each modular
unit comprises male upper connector, female lower connec-
tor, male left connector and female right connector. In this
way the modular units can be connected in a flexible way
which results in that the simulated number of lines easily can
be extended. It should be noted that the connectors shown in
FIG. 6 shows that the modular units are connected in the
second and third dimension while the modular units also
comprise connectors (not shown in FIG. 6) configured to
connect the modular units in the first dimension to expand
the simulated line length.

Thus, the fourth and the fifth modular unit comprises a
respective crosstalk simulator configured to simulate cross-
talk between the respective bundle of n number of lines and
a respective length simulator configured to simulate a
respective line length, wherein the first crosstalk simulator
2065 is further configured to simulate crosstalk within the
first, n bundle of lines by taking into account crosstalk from
at least one of the second, third, fourth and fifth bundles of
lines when connected.

When extending the number of the simulated lines by
connecting several modular units, crosstalk between the
lines on the different modules is taken into account by means
of the connectors. FIG. 7 shows the crosstalk between the
different lines on four modular units, wherein each modular
unit is configured to simulate four lines. In principle any
inter-module crosstalk coupler should be connected, but an
acceptable compromise could be to just connect the most
important crosstalk coupler between different modular units.
However, in order to simplify the simulation it is possible to
take into account the crosstalk within one modular unit and
only the strongest crosstalk which occurs between different
modular units, i.e. the crosstalk between the lines closest to
each other on different modular units. FIG. 8 shows where
the strongest crosstalk occurs between different modular
units.

According to a further embodiment referring again to
FIG. 5 and FIG. 9, the first set of n connectors 2025 and the
second set of n connectors 2045 are configured to connect in
the first dimension the modular unit to at least a sixth
modular unit 900 between the CO and the CPE. In this way,
the simulated line length can be extended. l.e. if a first
modulator unit is configured to simulate a line length of 100
meter and a second modular unit is configured to simulate a
line length of 100 meter, the total simulated line length is
200 meter. The sixth modular unit 900 comprises a sixth
bundle of n number of lines, a crosstalk simulator configured
to simulate crosstalk between the sixth bundle of n number
of lines, and a length simulator configured to simulate a
predefined sixth line length.

Moreover, in connection with the crosstalk simulator an
attenuation simulator network 910 can be added for each
line as illustrated in FIG. 9. An example of an attenuation
simulator network is shown in FIG. 10.

Turning now to FIG. 11, illustrating how both the number
of simulated lines and the length can be extended by adding
additional multiple modular units. The length of the simu-
lated lines are extended by the modular units 11035 and
11045, 1103m, 1104m in one dimension 1101 and the
number of simulated lines are extended by the modular units
1104 and 11045, 1104 in another dimension 1102. The
length simulator of the modular units may simulate the same
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length or different lengths. It is assumed in this embodiment
that the modular units are identical. In addition, it should be
noted that the simulated length may vary asymmetrically,
which implies for instance that the modular unit denoted
1104m and 11045 may be removed while the modular unit
1103m and 11035 are kept, to simulate CPEs placed at
different distances within the same multi-lines cable, assum-
ing that each length simulator of the modular units are
simulating the same length.

Moreover in FIG. 11, modular units are added in the
second dimension to extend the number of lines but it is
possible to also add modular units in a third dimension (not
shown) to extend the number of lines further.

Modifications and other embodiments of the disclosed
invention will come to mind to one skilled in the art having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it is to
be understood that the embodiments of the invention are not
to be limited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be
included within the scope of this disclosure. Although spe-
cific terms may be employed herein, they are used in a
generic and descriptive sense only and not for purposes of
limitation.

The invention claimed is:

1. A modular unit for simulating performance of a multi-
lines cable between a Central Office (CO) and several
Customer Premises Equipments (CPEs); the modular unit
comprises:

a first set of n connectors and a second set of n connectors
configured to connect in a first dimension the modular
unit between the CO and the CPEs;

a first crosstalk simulator configured to simulate crosstalk
within a first bundle of n number of lines and a first
length simulator configured to simulate a first pre-
defined line length; and

a third set of n connectors configured to connect the
modular unit with a second modular unit in a second
dimension,

wherein the second modular unit comprises:

a second crosstalk simulator configured to simulate
crosstalk within a second bundle of n number of
lines; and

a second length simulator, wherein the second length
simulator is configured to simulate a second pre-
defined line length,

wherein the first crosstalk simulator is further configured
to simulate crosstalk within the first bundle of n number
of lines by taking into account crosstalk from the
second bundle of n number of lines when the modular
unit is connected to the second modular unit,

wherein the second crosstalk simulator is further config-
ured to simulate crosstalk within the second bundle of

n number of lines by taking into account crosstalk from

the first bundle of n number of lines when the second

modular unit is connected to the modular unit, and
wherein the first and second crosstalk simulators comprise

a line connector for each line of the first bundle of n

number of lines and the second bundle of n number of

lines, each of the line connectors configured to receive
alien noise injection.

2. The modular unit according to claim 1, the modular unit

further comprises:

a fourth set of n connectors configured to connect the
modular unit with a third modular unit in the second
dimension, wherein the third modular unit comprises a
third bundle of n number of lines and a third crosstalk
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simulator configured to simulate crosstalk within the
third bundle of n number of lines and a third length
simulator configured to simulate a third predefined line
length, and wherein the first crosstalk simulator is
further configured to simulate crosstalk within the first
bundle of n number of lines by taking into account
crosstalk from at least one of the second and third
bundles of n number of lines when the modular unit is
correspondingly connected to at least one of the second
modular unit and the third modular unit.

3. The modular unit according to claim 2, further com-
prising:

a fifth set of n connectors configured to connect the
modular unit with a fourth modular unit in a third
dimension comprising a fourth bundle of n number of
lines, and

a sixth set of n connectors configured to connect the
modular unit with a fifth modular unit in the third
dimension comprising a fifth bundle of n number of
lines, wherein the fourth and the fifth modular unit
comprises a respective crosstalk simulator configured
to simulate crosstalk within the respective bundle of n
number of lines and a respective length simulator
configured to simulate a respective line length, wherein
the first crosstalk simulator is further configured to
simulate crosstalk within the first bundle of n number
of lines by taking into account crosstalk from at least
one of the second, third, fourth and fifth bundles of n
number of lines when the modular unit is correspond-
ingly connected to at least one of the second, third,
fourth, and fifth modular units.

4. The modular unit according to claim 1, wherein the first
set of n connectors and the second set of n connectors are
configured to connect in a first dimension the modular unit
to at least a sixth modular unit between the CO and the
CPEs, to extend the simulated line length, wherein the sixth
modular unit comprises a sixth bundle of n number of lines,
a crosstalk simulator configured to simulate crosstalk within
the sixth bundle of n number of lines, and a length simulator
configured to simulate a predefined sixth line length.

5. The modular unit according to claim 1, wherein the
modular unit comprises an attenuation simulator network for
each line of the first bundle of n number of lines.

6. A system for simulating performance of a multi-lines
cable comprising:

a Central Office (CO);

a plurality of Customer Premises Equipments (CPEs);

a first modular unit; and

a second modular unit;

wherein the first modular unit comprises:

a first set of n connectors and a second set of n
connectors configured to connect in a first dimension
the first modular unit between the CO and the CPEs;

a first crosstalk simulator configured to simulate cross-
talk within a first bundle of n number of lines and a
first length simulator configured to simulate a first
predefined line length; and

a third set of n connectors configured to connect the
first modular unit with a second modular unit in a
second dimension,

wherein the second modular unit comprises:

a second crosstalk simulator configured to simulate
crosstalk within a second bundle of n number of
lines; and

a second length simulator, wherein the second length
simulator is configured to simulate a second pre-
defined line length,
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wherein the first crosstalk simulator is further configured
to simulate crosstalk within the first bundle of n number
of lines by taking into account crosstalk from the
second bundle of n number of lines when the first
modular unit is connected to the second modular unit,

wherein the second crosstalk simulator is further config-
ured to simulate crosstalk within the second bundle of
n number of lines by taking into account crosstalk from
the first bundle of n number of lines when the second
modular unit is connected to the first modular unit, and

wherein the first and second crosstalk simulators comprise
a line connector for each line of the first bundle of n
number of lines and the second bundle of n number of
lines, each of the line connectors configured to receive
alien noise injection.

7. The system according to claim 6, wherein the first
modular unit further comprises:

a fourth set of n connectors configured to connect the first
modular unit with a third modular unit in the second
dimension, wherein the third modular unit comprises a
third crosstalk simulator configured to simulate cross-
talk within a third bundle of n number of lines and a
third length simulator configured to simulate a third
predefined line length, and wherein the first crosstalk
simulator is further configured to simulate crosstalk
within the first bundle of n number of lines by taking
into account crosstalk from at least one of the second
and third bundles of n number of lines when the first
modular unit is correspondingly connected with at least
one of the second modular unit and the third modular
unit.
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8. The system according to claim 7, further comprising:

a fifth set of n connectors configured to connect the first
modular unit with a fourth modular unit in a third
dimension associated with a fourth bundle of n number
of lines, and

a sixth set of n connectors configured to connect the first

modular unit with a fifth modular unit in the third
dimension associated with a fifth bundle of n number of
lines, wherein the fourth and the fifth modular unit
comprises a respective crosstalk simulator configured
to simulate crosstalk within the respective bundle of n
number of lines and a respective length simulator
configured to simulate a respective line length, wherein
the first crosstalk simulator is further configured to
simulate crosstalk within the first bundle of n number
of lines by taking into account crosstalk from at least
one of the second, third, fourth and fifth bundles of n
number of lines when the first modular unit is corre-
spondingly connected to at least one of the second,
third, fourth and fifth modular units.

9. The system according to claim 6, wherein the first set
of n connectors and the second set of n connectors are
configured to connect in a first dimension the first modular
unit to at least a sixth modular unit between the CO and the
CPEs, to extend the simulated line length, wherein the sixth
modular unit is associated with a sixth bundle of n number
of lines and comprises a crosstalk simulator configured to
simulate crosstalk within the sixth bundle of n number of
lines, and a length simulator configured to simulate a pre-
defined sixth line length.

10. The system according to claim 6, wherein the first
modular unit comprises an attenuation simulator network for
each line of the first bundle of n number of lines.
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